In recent years, the role of primary care physicians (PCPs) in the diagnosis and management of gastrointestinal disorders, including screening for colorectal cancer (CRC), has been recognized as very important. The available data indicate that PCPs are not adequately following CRC screening guidelines because a number of factors have been identified as significant barriers to the proper application of CRC screening guidelines. These factors include lack of time, patient reluctance, and challenges related to scheduling colonoscopy. Further positive engagement of PCPs with CRC screening is required to overcome these barriers and reach acceptable levels in screening rates. To meet the expectations of modern medicine, PCPs should not only be able to recommend occult blood testing or colonoscopy but also, under certain conditions, able to perform colonoscopy. In this review, the authors aim to provide the current knowledge of the role of PCPs in increasing the rate and successfully implementing a screening program for CRC by applying the relevant international guidelines. Eur J Gastroenterol Hepatol 29:e1-e7
Introduction
Colorectal cancer (CRC) represents one of the most important malignant digestive neoplasms, harboring significant morbidity and mortality. As the majority of CRC appear in the context of pre-existing polyps, the endoscopic removal of these polyps reduces the incidence of CRC. International guidelines recommend that all men and women should be screened for CRC beginning at the age of 50 years and that successful screening should start with primary care [1] . Unfortunately, the majority of the populations in almost all countries do not follow the guidelines provided by scientific organizations and health authorities.
During the last few years, the role of primary care physicians (PCPs) in the prevention, diagnosis, and management of a number of benign and malignant gastrointestinal disorders has been recognized as very important. The role of PCPs becomes even more significant in the case of CRC as, with suitable screening programs, the rate of this neoplasm could be diminished markedly.
However, the role of PCPs differs according to the screening scheme in a respective country or region. In many European countries, their role has been changing recently with the introduction of population-based programs, in which PCPs do not perform screening, but have a rather supportive, informative, or facilitating role.
The aim of this review is to provide the current knowledge of the role of PCPs in successfully performing and increasing the rate of screening programs for CRC.
Literature search
The relevant evidence has been derived from a thorough search of computerized medical databases, including Medline, EMBASE, and Cochrane Review Library (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) . A combination of the following MeSH subject headings and text-words was applied: 'primary care', 'primary care physician', 'screening for colorectal cancer', 'prevention of colorectal cancer', 'general practitioner,' 'colorectal cancer screening in primary care', 'fecal blood test', and 'colonoscopy'. Two authors (J.K.T. and A.G.) performed the literature search according to the above strategy.
The studies selected were clinical and cohort studies as well as reviews referring to CRC screening in primary care. They were included only if PCPs were actively involved in carrying out the study.
Bearing in mind the increasing proportion of PCPs in most countries, their growing role in diagnosing and treating various disorders, and the changes in the epidemiology of digestive diseases in many parts of the world, we also underscore the ways to update PCPs awareness.
Participation rates of colorectal cancer screening programs
The participation rate in CRC screening programs worldwide is generally low, although recent data suggest that it could be characterized in some countries as satisfactory, especially during the last 6 years.
In the Czech Republic, a European country with CRC incidence among the highest worldwide, only 25% of individuals eligible for screening undergo regular screening: ∼ 500 000 immunologic fecal occult blood tests (IFBTs) a year [2] . However, in a study that included 50 primary healthcare centers in Serbia, 50 894 individuals were invited to participate in a CRC screening program using IFBT. The participation rate was quite satisfactory (67.8%). Among individuals with a positive test, 69.7% agreed to undergo colonoscopy [3] .
Recently, Klabunde et al. [4] asked representatives of 12 countries participating in the International Cancer Screening Network program to describe their G-fecal occult blood test (FOBT)/fecal immunochemical test (FIT)-based CRC screening programs. They found that the overall uptake/ participation rate varied markedly: from 7 to 67.7%. In a population-based randomized clinical trial conducted in four countries (Poland, Norway, the Netherlands, and Sweden), in which colonoscopy screening versus no screening was compared, it was found that among 31 420 eligible participants randomized to the colonoscopy group, only 12 574 (40.0%) underwent screening. The participation rates vary significantly among the four countries [5] .
Finally, in a systematic review of the data available up to the end of 2009, it was found that studies comparing invitation methods showed higher participation rates with the involvement of a general practitioner, a more personalized recruitment approach, and reduction of barriers that discourage participation [6] .
The conclusion derived from these figures is that, during the last years, the cooperation of the target population with health professionals (especially PCPs) would increase the rate of participation in CRC screening programs, although steps should be taken to further increase the motivation of individuals to participate in these programs.
The role of primary care physicians in colorectal cancer screening programs During the last few years, it became evident that PCPs have all the available resources to ensure high standards of care for their patients. In particular, clearly articulated clinical practice guidelines, effective medications, accurate noninvasive investigations, and evidence-based primary care management plans are available to support PCPs who aim to increase their threshold for referring patients with gastrointestinal symptoms [7] . PCPs play an important role across the cancer continuum, from encouraging screening and accurate diagnosis to providing care during and after treatment for cancer and any comorbid conditions. The improvement in CRC screening rates largely depends on the efforts of PCPs to implement effective systems and procedures for screening delivery. An active engagement and support of practices are essential for the potential of CRC screening to be realized.
However, it must be emphasized from the beginning that the roles of PCPs differ in each country or geographic region according to the screening scheme. As mentioned before, the initiation of population-based programs in Europe has changed significantly compared with other continents as PCPs play a rather supportive, informative, or facilitating role.
Several randomized-controlled trials have shown PCPsled follow-up to be equivalent to hospital-led care in terms of patient well-being, recurrence rates, and survival, and might be less costly [8] . However, a large proportion of PCPs did not consider CRC screening practice as a part of the periodic health examination, whereas only 25% recommended evidence-based screening tests during usual check-up visits, despite the fact that the personal involvement of PCPs has a positive impact on the participation of individuals in screening programs.
It seems that the personal involvement of the PCPs produces better results. In a study in Australia, letters calling for participation in CRC screening programs led to better results if they were accompanied by the personal involvement of PCPs [9] . Another study showed that participants who received the FOBT kit from their PCPs were more likely to participate in the study [10] . Patient prompting of their physician resulted in a significant increase in referral in CRC screening in both underinsured and insured patient populations [11] .
The role of PCPs is better emphasized in studies showing that the presentation of individualized CRC risk information by a nonphysician assistant as a decision aid did not result in higher CRC screening rates in primary care patients compared with the presentation of general CRC screening information [12] .
An interactive training seminar increased the proportion of physicians with the intention to prescribe FIT and colonoscopy in equal proportions [13] . Asking patients questions about their specific risk factors and providing them and their providers information just before an appointment may increase participation in CRC testing [14] .
In Asia, CRC testing compliance is quite low, probably because the knowledge of CRC symptoms and risk factors is low. An interesting study found that perceived health, psychological, and access barriers to CRC testing in Asian countries are high. It is of interest that the physician's recommendation might increase testing. However, physicians mainly recommend testing only in individuals with a positive family history for CRC [15] .
Although in Europe medical assistants are not generally part of the health professional staff devoted to screening programs, in other countries, including the USA, they can play a key role in improving CRC screening rates as part of a redesigned system of primary care. A relevant study showed that education providers and electronic reminders had minimal immediate impact on screening rates. The addition of the expanded medical assistant role was associated with a sustained increase in the colonoscopy referral order rate to 13.4%, a relative improvement of 123% [16] . Powerful strategies to increase CRC screening rates include a recommendation to perform the test from the PCPs and focusing efforts on patients aged 50-59 years to ensure that they complete their first FOBT [17] . One of the key roles of PCPs currently recognized in CRC screening is to provide information to patients for their choices and decision making on screening.
In conclusion, the data available indicate that PCPs play a key role in increasing the participation rate in CRC screening programs.
Compliance of primary care physicians with colorectal cancer screening guidelines
The role of PCPs in each country reflects the rules of an established national/regional program rather than scientific guidelines. Extensive literature shows that there is a wide geographic variation among and within countries in the use of CRC screening approaches that are mainly explained by physician preferences, local medical culture, and available resources. Comparing the USA and Europe, there may be a greater variation in CRC screening recommendation and practice within each continent rather than between them, but there seems to be a stronger emphasis on programmatic screening in Europe, facilitating quality assurance. The much-debated need for randomized trials, as new screening modalities emerge, could be handled more easily if running screening programs are considered natural platforms for testing out and evaluating presumed improvements in the service, including new emerging screening modalities [18] .
The PCP is a medical doctor responsible for the prevention of almost all human diseases. Consequently, this role represents the most important element of all advanced primary care health systems. A PCP's failure to inform patients on the usefulness and the availability of routine screening tests could result in significant delays in early cancer diagnosis, thus having an important impact on patients' survival. Consequently, PCPs must provide the best medical care in all patients and individuals under their care on the basis of the most current scientific data. Therefore, their role should not just be 'supportive' and must not be limited from 'national screening schemes'. In other words, each PCP must adopt and apply the most current knowledge and skills derived from the relevant international approaches and experiences.
It seems that generally PCPs do not adequately follow CRC screening guidelines published so far either in Europe for example, European guidelines for quality assurance in CRC screening and diagnosis, the European Code Against Cancer and the European Colorectal Cancer Screening Guidelines Working Group [19] [20] [21] [22] , or in other continents, including Asia [23] .
In a relevant study, it was reported that although 77.5% of PCPs reported using national screening guidelines, only 51.7% reported recommendations consistent with the guidelines. Younger physicians were significantly more likely to report compliance with screening guidelines. PCPs practicing in solo group or community health centers were significantly less likely to report following guidelines compared with those in academic practice. Guideline compliance is higher for FOBT than colonoscopy [24] .
In another study, it was found that the annual FOBT was correctly suggested and performed by 40% of PCPs, the suggestion for flexible sigmoidoscopy every 3-5 years by 12%, and the concurrent application of both examinations by 8% [25] . In Greece, only 50% of PCPs recommend screening for CRC, whereas the percentage of PCPs recommending FOBT and sigmoidoscopy was 24 and 4%, respectively [26] .
The situation in other European countries might be considered satisfactory. According to Mauri et al. [27] CRC screening is recommended by 65-95% of PCPs in Europe. In more detail, FOBT was advised by 42-83% and prescription of screening endoscopic modalities was inconsistent (6-48%).
In conclusion, the available data indicate that a large effort is required to persuade PCPs to consider CRC screening programs as a very important part of their clinical practice.
Screening modalities for colorectal cancer applied by primary care physicians
Studies from the USA, Canada, and Australia indicate that the performance of large bowel endoscopy by PCPs represents a usual practical screening approach possibly because of the existence of the accredited colonoscopy training in family medicine programs. It must be emphasized, however, that in Europe, the potential of PCPs in performing sigmoidoscopy or colonoscopy is marginal. Nevertheless, it could be supported that this experience could be applied (after modifications) in certain geographical areas with lower specialist capacity (e.g. remote geographical areas and islands).
Flexible sigmoidoscopy and colonoscopy performed by primary care physicians Colonoscopy remains the gold standard for the investigation and management of large bowel CRC and polyps. Nevertheless, with the current need for greater access to CRC screening, PCPs trained in colonoscopy could play a role in providing access to colonoscopy for CRC screening.
In a systematic review and meta-analysis aiming to characterize the quality and outcome of flexible sigmoidoscopy, colonoscopy, or upper gastrointestinal endoscopy performed by a nonphysician (nurse, nurse practitioner, physician assistant), it was shown that nurses and nurse-practitioners/physician assistants performing flexible sigmoidoscopies achieved pooled polyp detection rates of 9.9 and 23.7%, adenoma detection rates of 2.9 and 7.2%, CRC detection rates of 1.3 and 1.2%, and adverse event rates of 0.3 and 0/1000 sigmoidoscopies, respectively. No significant differences were found between polyp and adenoma detection rates in sigmoidoscopy performance studies comparing nurses or nursepractitioners/physician assistants with physicians. Data from the three studies of nonphysician performance of colonoscopy showed that the pooled adenoma detection rate was 26.4%, the cecal intubation rate was 93.5%, and the adverse event rate was 2.2 /1000 colonoscopies [28] . Other data from different settings in many countries show that adequately trained PCPs can provide safe and technically competent colonoscopies. Their results compare favorably with the currently reported comparative data from specialist endoscopists [29, 30] .
Family physicians or specialized nurses are in a privileged position to learn and use sigmoidoscopy to screen patients, especially in resource-deprived areas, where colonoscopic capacity is limited. Flexible sigmoidoscopy represents an endoscopic skill that has been developed and successfully performed by suitably trained nonmedical staff in the USA and to a lesser degree in other parts of the world, including Europe, Asia, and Canada.
In the UK, a multidisciplinary committee of nurses and clinicians developed a structured training program involving a staged process of observations, withdrawals, and finally, full procedures. The training program required 35 observations, 35 withdrawals, and 35 supervised full procedures to be performed before the real sigmoidoscopy. Almost all the examinations were completed successfully with no complications [31] .
In a study carried out in six hospitals in the UK, it was found that there was no significant difference between doctors and nurses in outcome at 1 day, 1 month, or 1 year after upper and/or lower gastrointestinal endoscopy, leading to the conclusion that diagnostic endoscopy can be performed safely and effectively by nurses [32] . However, the above-mentioned European randomized multiinstitution nurse endoscopy trial also showed that endoscopy performed by nurses is not cost-effective compared with endoscopy performed by doctors [33] . In these clinical trials, the nurses began their practical training on the first day with a real endoscope to familiarize themselves with its various functions. This preliminary stage was followed by training in simulators. Subsequently, the nurses were introduced to the practical aspects of performing flexible sigmoidoscopy. After 1 week, the nurses returned to their hospitals to commence practical training under the supervision of experienced gastroenterologists or surgeons.
It seems that colonoscopies performed by PCPs are both safe and effective. Quality indicators are within the range of the published literature for those performed by specialists and the parameters recommended by expert consensus. Also, the complication rate as well as the rate of success of flexible sigmoidoscopy performed by nonspecialists fall into the range of those of gastroenterologists-endoscopists. However, for most European healthcare systems, this suggestion is, at present, not relevant.
Fecal occult blood tests: the role of primary care physicians
It is well established that screening using FOBT can detect CRC at an earlier stage than symptomatic presentation and significantly decrease mortality from this malignancy. It is noteworthy that the type of FOBT used by PCPs is usually directed by the program and the reimbursement rules. In the UK, the uptake of screening is currently low, despite the introduction of the Bowel Cancer Screening Program. In this country, the success of population-based screening for CRC might largely be determined by PCPs' attitudes and support, particularly with respect to FOBT, which is considered to be the most appropriate for population-based screening [34] . In some countries of Southern Europe, approximately only one-third of the general practitioner population recommended FOBT screening.
Moreover, many PCPs in many countries continue to use inappropriate methods to screen for FOBT. In a study from the USA, it was reported that most of the 1134 PCPs used standard guaiac tests, whereas higher sensitivity guaiac tests and immunochemical tests were used only by 22.0 and 8.9%, respectively. Moreover, few PCPs recommend repeating the FOBT (17.8%) or using tests other than colonoscopy for the diagnostic work-up (6.6%) [35] .
In terms of the preferred method of screening for CRC, the available data in the USA indicate that PCPs' CRC screening recommendations and practices have changed markedly during the last decade. Colonoscopy is now the most frequently (95%) recommended test to asymptomatic, average-risk individuals, whereas 80% of PCPs recommend FOBT. Most PCPs do not recommend the full list of test options prescribed in national guidelines [36] . In another study, it was found that in the USA, colonoscopy was promoted as the preferred CRC screening method.
FOBT was recommended for patients who could not afford or did not wish to undergo colonoscopy. Flexible sigmoidoscopy or barium enemas are rarely recommended. Experienced PCPs use brief CRC screening promotion scripts, including counseling techniques that improve CRC screening performance [37] .
Reminder systems
Reminder systems are an essential element of an effective program performed by PCPs. There are two reminder systems: one targeting physicians and another targeting patients.
Evidence from various meta-analyses proves that many reminder options are effective. These options will assist PCPs in choosing their own strategy and tools to attain a high level of consistency and impact.
In a relevant systematic review, five comparative studies involving 25 287 patients comparing physician reminders with controls were identified and analyzed to obtain a summary outcome. The results showed that in all studies, a higher percentage uptake was obtained when physician reminders were provided [38] .
In a trial aiming to assess the costs and costeffectiveness of a mailed educational reminder on FOBT adherence, it was found that a simple mailed educational reminder increases the FOBT card return rate at a reasonable cost. Compared with other patient-directed interventions, including telephone, letters from physicians, and mailed reminders for CRC screening, this intervention was both more effective and cost-effective [39] .
Various reminder systems for FOBT have been shown to be beneficial, especially those focused on the family physician. Using an intent-to-screen analysis, the screening rate in the physician and patient reminder groups was significantly higher than that in the control group (16.5 and 11.9 vs. 1.2%, respectively) and phone reminders were more effective than letters (14.7 vs. 9.2%) [40] .
The web offers novel possibilities to educate patients and improve health behaviors, such as cancer screening. However, a study showed that a web-based educational intervention was no more effective than a print-based one or control (no educational intervention) in increasing CRC screening rates in women at average risk of CRC. Risk messages tailored to attentional style had no effect on screening uptake. In average-risk populations, the use of the internet for health communication without additional enhancement is unlikely to improve screening participation [41] .
The use of an alert in an individual's primary care electronic medical records is associated with a significantly increased uptake of an organized, FIT-based CRC screening program in patients attending primary care centers [42] .
A recent European study showed that an interactive training seminar could increase the proportion of physicians with the intention to prescribe FIT and colonoscopy in equal proportions [13] . Asking patients questions about their specific risk factors and providing them information just before an appointment may increase participation in CRC testing [17] .
In conclusion, the use of reminder systems depends on the mode of invitation and performance of screening. The role of PCPs in this varies across Europe.
Barriers to screening
A number of factors referring both to PCPs and to individuals have been identified internationally as significant barriers to CRC screening. These factors include lack of time, patient reluctance, and challenges related to scheduling colonoscopy. Clinicians identified communication skills and the convenience of office-based screening procedures as facilitators of CRC screening.
In a relevant study, it was found that physician recommendation and knowing someone who has/had cancer were the most common factors motivating patients' decision to complete CRC screening [43] . Pre-existing medical conditions, physician recommendation, and psychosocial factors could represent potential barriers to CRC screening. However, a relevant study found that CRC screening referrals were similar for all patients, irrespective of comorbidities or clinical visits. Comorbidities, rated as having an extreme influence on CRC screening, showed a trend toward lower screening rates, suggesting that, although comorbidities did not predict colonoscopy completion, they may play a role in relation to other factors [44] . Other factors, such as patient's obesity, birthplace outside of Western Europe and North America and physician's male sex, were associated with lower CRC screening rates in a Swiss university primary care setting. Physicians' perception of obesity and its impact on their recommendation for CRC screening might be a target for further research [45] .
Barriers to CRC screening are not the same in every country; for example, in Thailand, patients' ignorance, unavailability of the test, unawareness of physician, and financial problems are the main barriers for CRC screening [46] .
Both PCPs and average-risk adults identified the lack of patient awareness and physician recommendation as key barriers to obtaining CRC screening. PCPs also frequently cited patient embarrassment/anxiety about testing and test cost/lack of insurance coverage, but few adults identified these as major barriers. Of adults not current with testing, those who had visited a doctor in the past year or had health insurance were more likely to report lack of physician recommendation as the main reason why they were not updated compared with their counterparts with no doctor visit or health insurance. Only 10% of adults not current with testing, who had a doctor visit in the past year, reported receiving a screening recommendation [47] .
Many studies have shown that not all individuals with positive FOBT are prompt to undergo colonoscopy and decision making by PCRs has a major effect on nonperformance of a complete diagnostic evaluation after a positive FOBT result [48] .
A systematic review aiming to characterize patients' own experience of colonoscopy in the screening context showed that most patients perceived the laxative bowel preparation to be the most burdensome part of colonoscopy. Other reported difficulties including anxiety, anticipation of pain, feelings of embarrassment, and vulnerability. Inadequate knowledge and fear of finding cancer were identified as obstacles to the uptake of screening colonoscopy. Physician endorsement, presence of a family history, knowing someone with cancer, and perceived accuracy of the test were incentives to having a colonoscopy [49] .
Older individuals represent another target group with many peculiarities. PCPs often individualize their CRC screening recommendations for older women by selecting to engage patients in discussions and seeking their input before making a CRC recommendation. PCPs are more likely to select to engage the patients represented by the good and fair health vignette where the potential benefits outweigh the potential harms than patients in poor health, where the potential harms outweigh the potential benefits [50] .
Finally, barriers dealing with the PCPs themselves are also important and include lack of time, privacy and confidentiality concerns, and family dynamics. It seems that adherence to CRC screening is based on a supportive 'patient-physician' dialogue that is separate from assistive 'patient-family member' relations [51] .
In other parts of the world with lower participation rates in CRC screening programs, it has been found that specific barriers to participation included language barriers, logistical challenges to attending screening tests, and cultural beliefs [52] .
In conclusion, many barriers referring to both patients and physicians certainly exist. These barriers might be different in various parts of the world and must be taken into account when planning a CRC screening program.
Suggestions for more effective screening programs
In countries with low rates of CRC screening, targeted actions are needed to improve the situation. These should include adaptations to the invitation and follow-up protocol by the implementation of an active call-recall system. PCPs should be flexible in their suggestions by changing to or adding another screening modality, and gastroenterology and PCRs societies should enhance these efforts in cooperation with the health authorities. Associating PCPs with an invitation to screen achieves better participation and reparticipation than does an invitation from a centralized screening unit [53] .
Quality assurance and evaluation are very important parameters to ensure a minimal burden and a balanced use of resources. A more comprehensive discussion of CRC screening can increase the rates of CRC screening [54] .
Systematic reminders to patients and physicians could increase screening rates and electronic reminders to physicians may increase screening among adults who have more frequent primary care visits [55, 56] . Other sources of information, such as videotapes, written material, and even an endorsement of CRC screening by the clinic's office staff, can help patients to decide to undergo screening [57] .
As time passes and we gain increasingly more experience in CRC screening programs, it becomes obvious that a need for a multidisciplinary team approach is of paramount importance for the success of a screening program. A multidisciplinary team, including PCPs, nurses, physician assistants, nurse practitioners, clerical personnel, health educators, and behavioral scientists, should work together. Teamwork and tenacity have been considered to be especially influential in the delivery of preventive services in primary care settings in the USA [58] . The adoption of advanced information systems, including electronic health records, is crucial because they could transform patients' role by empowering them to make decisions on prevention.
Conclusion
A team approach, the use of information systems, the involvement of the patients in decisions about their own care, monitoring practice performance, reimbursement for services such as telephone and e-mail contacts, training opportunities in communication, cultural competence, and the use of information technologies would improve the rate of CRC screening. The improvement in CRC screening rates largely depends on the efforts of PCPs to implement effective systems and procedures for screening delivery. Appropriate guidelines must be incorporated by the PCPs [59] .
